
US007512500B2 

(12) Unlted States Patent (10) Patent N0.2 US 7,512,500 B2 
Wilt et al. (45) Date of Patent: Mar. 31, 2009 

(54) METHOD FOR SENSOR INITIALIZATION IN 6,657,552 B2 * 12/2003 Belski et a1. ......... .. 340/87002 

A STRUCTURAL HEALTH MANAGEMENT 6,789,030 B1 * 9/2004 Coyle et a1. ................. .. 702/77 

SYSTEM 6,961,536 B2 * 11/2005 Himmel et a1. .......... .. 455/301 

7,209,859 B2 * 4/2007 Zeif ......................... .. 702/182 

(75) Inventorsi gicholali J-Tr’ilt, Glenif?es AZ (XZS); 2002/0104083 A1 * 8/2002 Hendricks et a1. ........... .. 725/34 
teven . ompson, oemx, 

(US); Scott Gray, Peoria, AZ (U S) 

(73) Assignee: Honeywell International, Inc., * cited by examiner 
M ' t N] S 
Oms OW’ (U ) Primary ExamineriEliseo Ramos Feliciano 

( * ) Notice: Subject to any disclaimer, the term of this Assistant Examineripellx E Suarez 
patent is extended or adjusted under 35 (74)AZZ0rney,Agenl, 0rFzrmiBlackLoWe&Graham PLLC 
U.S.C. 154 b b 484 d . ( ) y ays (57) ABSTRACT 

(21) App1.N0.: 11/019,691 

(22) Filed; Dec 21, 2004 A method for initializing a chain of non-initialized data col 
lectors is disclosed. The chain of non-initialized data collec 

(65) Prior Publication Data tors are coupled to a controller. In a ?rst step communication 
betWeen the controller and each data collector in the chain of 

Us 2006/0136359A1 Jun‘ 22’ 2006 non-initialized collectors is disabled, except for an active 

(51) Int Cl non-initialized data collector, The active non-initialized col 
Got'sF /00 (2006 01) lector is coupled to the controller and any remaining non 

52 U 5 Cl '702/34_ 70265 702/182_ initialized data collectors. Next, the active non-initialized 
( ) ' ' ' """"""""""""" " ’ ’ 702/183’ data collector is initialized by assigning an identi?cation 

_ _ _ number to the active non-initialized data collectors. The 
(58) Fleld 0f ClaSSl?CatlOIl Search ................. .. 702/76, active nondnitialized Collector becomes an initialized data 

702/77’ 113’ 141’ 179’ 182’ 189; 128/630; collector. Then, communication is restored between the ini 
_ _ 340/8700; 455/301 tialized data collector and a next active non-initialized data 

See apphcanon ?le for Complete Search hlstory' collector in the chain of non-initialized data collectors. The 

(56) References Cited method repeats until all non-initialized data collectors are 
initialized. 

U.S. PATENT DOCUMENTS 

5,682,882 A * 11/1997 Lieberman ................ .. 600/301 16 Claims, 3 Drawing Sheets 

LSHUT (OMMUNICATION BETWEEN ALL SDCs [V502 

l 
| (01111101011 TAKES ROLL-CALL 

l 
F504 

FIRST SDC THAT IS IN COMMUNIEATION 
WITH CONTROLLER IS ASSIGNED ID NUMBER 

~ 506 

i 
V RESTORE COMMUNICATION 

T0 NEXT ADJACENT SDC 
~ 505 

NEW ROLL-(ALL BY (ONTROLLER 
AND RESPONSE BY SDE 

N510 

l 
UNINITIAUZED soc ASSIGNED 0 NUMBER F512 

516 





US. Patent Mar. 31, 2009 Sheet 2 of3 US 7,512,500 B2 

N .5 

@dm 

E952 5m “elm. NIQIN. 

M5359: Em 5&3 E22 25 

:N .\ 

mow 

mom f @w/ 6N Raw 

QNL 

@Nl \ \ 8N @N mow m9 

®9\\ 



US. Patent Mar. 31, 2009 Sheet 3 of3 US 7,512,500 B2 

SHUT COMMUNICATION BETWEEN ALL SDCs N502 

I 
CONTROLLER TAKES ROLL- CALL N504 

I 
FIRST SDC THAT IS IN COMMUNICATION N506 

WITH CONTROLLER IS ASSIGNED ID NUMBER 

I 
, RESTORE COMMUNICATION N505 

TO NEXT ADJACENT SDC 

NEW ROLLCALL BY CONTROLLER N510 
AND RESPONSE BY SOC 

I 
UNINITIALIZED SDC ASSIGNED ID NUMBER N512 

I 

Fig.3 



US 7,512,500 B2 
1 

METHOD FOR SENSOR INITIALIZATION IN 
A STRUCTURAL HEALTH MANAGEMENT 

SYSTEM 

TECHNICAL FIELD 

This invention relates to the ?eld of structural health man 
agement and more speci?cally to a method for sensor initial 
iZation in a structural health management system. 

BACKGROUND 

Nondestructive testing is a procedure for determining the 
quality or characteristics of a structure Without permanently 
altering the structure or the structure’s properties. Examples 
include ultrasonic and radiographic inspection. In the avion 
ics ?eld, nondestructive evaluations of airplane components 
are done to insure the structural integrity of the airplane. In 
typical nondestructive testing schemes, a certi?ed inspector 
performs one or more nondestructive tests at the aircraft. This 
process may be repeated at regular intervals to monitor the 
structural health of the aircraft. 

While this type of nondestructive testing scheme can be 
effective, it may have several potential drawbacks. First, the 
test typically needs to be conducted by trained inspectors, 
Which can incur signi?cant costs, including the potential loss 
of operational revenue, When having an inspector perform the 
tests on site. Second, to enable ef?cient analysis and repetitive 
comparison over time, a non-subjective decision process 
driven by inspection data, inspection method parameters, 
location, decision criteria, and material properties Within the 
context of the structure being inspected may be required. 
Current inspection approaches may not preserve these com 
ponents. Although each inspection can be analyZed individu 
ally, a collection of inspections may not be analyZed in toto. 

To resolve some of the draWbacks of current nondestruc 
tive schemes, other structural health management schemes 
have been developed. In one structural health management 
technique, ultrasonic transducers can be placed, for example, 
on the fuselage of the aircraft to be tested. The ultrasonic 
transducers are then coupled to an onboard testing computer. 
The testing computer can be used to run nondestructive tests 
When needed by using the installed ultrasonic transducers. 

The above-described system alloWs for nondestructive 
testing to be done Without having an inspector bring equip 
ment to the aircraft. Additionally, the automated inspection 
and determination of the state of the inspected material pre 
serves accurate location data, as Well as the associated data 
used to perform the inspection and make the determination. 
This alloWs multiple self-referential inspections of an area 
over an extended period of time, enabling correlation, trend 
ing and other sophisticated analysis of the inspection data 
across vehicles and over time. 

Sensor data collectors can be used to collect the data gath 
ered by the sensors. HoWever, When using sensors data col 
lectors that are interconnected on the same data bus, unless 
the sensor data collectors have some type of identi?cation, the 
sensor data collectors can not correctly respond to a controller 
or processor. What is needed is a method for sensor data 
collector initialization. 

BRIEF SUMMARY 

In an exemplary embodiment of the present a method for 
initialiZing a chain of non-initialized data collectors is dis 
closed. The chain of non-initialiZed data collectors are 
coupled to a controller. In a ?rst step communication betWeen 
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2 
the controller and each data collector in the chain of non 
initialiZed collectors is disabled, except for an active non 
initialiZed data collector, The active non-initialiZed collector 
is coupled to the controller and any remaining non-initialiZed 
data collectors. Next, the active non-initialized data collector 
is initialiZed by assigning an identi?cation number to the 
active non-initialized data collectors. The active non-initial 
iZed collector becomes an initialiZed data collector. Then, 
communication is restored betWeen the initialiZed data col 
lector and a next active non-initialiZed data collector in the 
chain of non-initialiZed data collectors. The method repeats 
until all non-initialiZed data collectors are initialiZed. 

In another exemplary embodiment, a data collection appa 
ratus is disclosed. The apparatus comprises tWo or more seri 
ally connected data collectors coupled to a controller. Each 
data collector comprises a data input, a data output and a 
sWitch coupling the data input and data output. The sWitch is 
con?gured to isolate the data input from the data output. The 
controller is coupled to the data input of a ?rst data collector 
of the tWo or more data collectors. 

In another embodiment, the controller is con?gured to send 
a request to open the sWitch of the ?rst data collector proces 
sor. The request is sent to a processor in the ?rst data collector. 
The processor is con?gured to send an open command to the 
sWitch of the ?rst data collector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will hereinafter be described in con 
junction With the folloWing draWing ?gures, Wherein like 
numerals denote like elements, and: 

FIG. 1 illustrates an exemplary structural health monitor 
ing system in accordance With the teachings of the present 
invention; 

FIG. 2 is a block diagram of a sensor data collector in 
accordance With the teachings of the present invention; and 

FIG. 3 is a ?owchart of a method for initialiZing sensor data 
collectors in a structural health management system in accor 
dance With the teachings of the present invention. 

DETAILED DESCRIPTION 

The folloWing detailed description is merely exemplary in 
nature and is not intended to limit the invention or the appli 
cation and uses of the invention. Furthermore, there is no 
intention to be bound by any expressed or implied theory 
presented in the preceding technical ?eld, background, brief 
summary or the folloWing detailed description. While the 
invention is discussed in an avionics embodiment, the teach 
ings of the present invention are applicable to many different 
?elds of endeavor. 

FIG. 1 illustrates an exemplary structural health manage 
ment system 100 in accordance With the teachings of the 
present invention. Structural health management system 100 
includes a plurality of sensors 104 coupled to one or more 
sensor data collectors (SDCs) 106. Each sensor 104 is 
mounted to a structure 102 to be tested. In the embodiment as 
shoWn in FIG. 1, each SDC is coupled to each other by a data 
bus 107 and a poWer line 105. The SDCs 106 are coupled to 
a controller 109 via the data bus 107 and the poWer line 105. 
The controller 109 couples to at least one structural health 
monitoring processor 108. Various inputs and outputs can be 
provided to structural health monitoring processor 108. For 
example, processor 108 can be coupled to various input/ 
output devices including a display 110, a keyboard 112 and 
the like. 
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Sensor 104 can be an ultrasonic transducer that converts 
electrical signals into mechanical vibrations and mechanical 
vibrations into electrical signals. In this embodiment, sensor 
104 converts electricity into mechanical vibrations that 
propagate Waves in the structure 102 to Which the sensor 104 
is coupled through elastic deformation (known as elastic 
Waves). The propagated Waves interact With various features 
Within the structure 102 such as ?aWs or defects. The sensor 
104 can also receive transmitted and re?ected Waves and 
convert the mechanical vibrations caused by these Waves into 
electrical signals. These electrical signals can then be ana 
lyZed to determine if there are any ?aWs or defects in the 
structure 102. 
The amount of time it takes for a Wave to travel betWeen 

tWo sensed locations is knoWn as the time-of-?ight. In addi 
tion to the time-of-?ight, signal amplitude, and signal energy 
of an elastic Wave received by a sensor 104 can be used in 
models to predict the underlying damage state of the area 
traversed by the propagated elastic Wave. Various features 
Within the structure 102, such as fatigue cracks or other struc 
tural ?aWs, can be identi?ed and located based on these values 
obtained from data collected by sensor 104 and others. 

While many different designs for sensors 104 exist, in one 
embodiment, sensor 104 is a pieZoelectric transducer. PieZo 
electric transducers produce mechanical vibrations When an 
electric signal is applied and produce electrical signals When 
receiving mechanical vibrations. Typically, pieZoelectric 
transducers use pieZoelectric ceramics that can be engineered 
to produce different Wave modes. 

Different types of Waves induced by pieZoelectric trans 
ducers can be used in nondestructive testing. In an embodi 
ment of the present invention, the sensor 104 produces Lamb 
Waves in structure 102. Lamb Waves propagate throughout 
the entire thickness of plate-like structures, such as the com 
posite material used for the skin of an aircraft. Lamb Waves 
are a form of guided elastic Waves distinct from the bulk 
Waves used in a traditional ultrasonic approach. Lamb Waves 
traverse along the plate-like structures While exciting material 
throughout the plate’ s thickness.As a consequence, the use of 
Lamb Waves alloWs for distributed sensors schemes to exam 
ine the composite plate-like structure over a given area With 
out the need to scan the transducers over certain areas. 

SDCs 106, in one embodiment of the present invention, 
collect data from the sensors 104 in the form of electrical 
signals and send the data to processor 108 for evaluation. In 
another embodiment, SDCs 106 collect data and can perform 
some analysis on the data prior to sending the data to the 
processor 108. By providing multiple SDCs 106, if one SDC 
106 Was to fail, or otherWise become inoperative, the entire 
structural health management system 100 Would continue to 
operate. Additionally, in one embodiment, SDCs 106 accept 
multiple sensor inputs and provide a single high speed data 
output, resulting in a reduction in the amount of Wiring 
required betWeen the sensors 104 and the processor 108. In 
one embodiment, SDCs 106 are arranged as a chain of serially 
coupled SDCs 106. 

Processor 108 can receive data from the sensors 104, either 
directly or via SDCs 106. Processor 108 can also process the 
data to evaluate the structural health of the structure 102. 
Processor 108 can also receive data from sensors 104 and 
perform damage assessment analysis. Processor 108 can be a 
commercial off the shelf processor and any components nec 
essary to alloW processor 108 to process data. Processor 108 
can couple to input/output devices such as the display 110 and 
keyboard 112. 

Controller 109 provides commands to the SDCs 106 indi 
cating Which sensors to ?re. Controller 109 can issue com 
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4 
mands to the SDC 106 to enable poWer or data communica 
tion to other SDCs 106. In one embodiment, the functionality 
of controller 109 can be provided by processor 108. 

In one embodiment of the present invention, one controller 
can be coupled to multiple SDCs 106. For example, in a chain 
of SDCs 106, a controller 109 can connect directly to a ?rst 
SDC 106 in the chain of SDCs 106 With the other SDCs 106 
coupled serially after the ?rst SDC 106 in the chain. In one 
embodiment, the controller 109 can communicate With each 
of the SDCs 106 coupled to the controller 109 by using an 
identi?cation number uniquely associated With each of the 
SDCs 106 in a group. The identi?cation numbers can be 
assigned by the controller 109 to each of the SDCs 106 
coupled to the controller 109. 

Structure 102 can be any one of numerous types of material 
of interest to be tested. In one embodiment, structure 102 is a 
composite material used for the skin of an aircraft. In one 
exemplary embodiment, structure 102 is a plate-like compos 
ite material such as the material used to form modern aircraft 
skin. 

Prior to performing any analysis using sensors 104, the 
SDC 106 is initialiZed so controller 109 can properly address 
the correct SDC 106 When needed. A method for initialiZing 
SDCs 106 is illustrated in conjunction With FIGS. 2-3. 
An exemplary SDC 106 is shoWn in FIG. 2. SDC 106 

comprises a data input 201, a data output 203, a poWer input 
205 and a poWer output 207. Data bus 107 couples to the data 
input 201, and exits the SDC 106 at data output 203. PoWer 
line 105 couples to the poWer input 205 and exits the SDC 106 
at the poWer output 207. 

Internal to SDC 106, an internal poWer line 213 couples to 
a SDC poWer supply 202, Which provides poWer to the other 
components internal to SDC 106. SDC processor 204 
receives data from data bus 107 over an internal data line 215. 
An SDC memory 206 can be coupled to the SDC processor 
204. The poWer output 207 can be decoupled from the poWer 
line 105 via a poWer sWitch 208. Also, data output 203 can be 
decoupled from data bus 107 via a data sWitch 210. 

In one embodiment, poWer sWitch 208 is under control of 
SDC processor 204 via a poWer control line 209 and data 
sWitch 210 is under the control of SDC processor 204 via a 
data control line 211. While the exemplary SDC 106 illus 
trated in FIG. 2 includes both the poWer sWitch 208 and the 
data sWitch 210, in one embodiment of the present invention 
only the poWer sWitch 208 or the data sWitch 210 need be 
provided. 
SDC processor 204 along With SDC memory 206, typically 

under the command of controller 109, controls the operation 
of SDC sensors 104. SDC processor 204 can collect data for 
storage in SDC memory 206, for local processing, or for 
forWarding to processor 108. 
The poWer sWitch 208 alloWs each SDC 106 to disable or 

enable poWer to SDCs 106 that are coupled after the poWer 
output 207. In one embodiment poWer sWitch 208 can be 
disabled using a command sent by SDC processor 204 via 
poWer control line 209. Similarly, data sWitch 210 alloWs the 
SDC 106 to enable or disable communication over the data 
bus 107 to all SDCs 106 coupled after the data output 203 of 
the current SDC 106. In one embodiment, data communica 
tion can be disabled to data output 203 by opening the data 
sWitch 210 using a command sent by SDC processor 204 via 
data command line 211. When the poWer sWitch 208 in the 
SDC 106 is open, any doWnstream SDC 106 Will not receive 
poWer. Similarly, if the data sWitch 210 is open, thus decou 
pling any doWnstream SDC 106 from the data output 203 of 
the SDC 106 having the open data sWitch 210; the doWn 
stream SDCs 106 Will not be able to receive data. Typically 



US 7,512,500 B2 
5 

the SDC processor 204 sends commands to the data switch 
210 and the power switch 208 under the control of controller 
109. 

FIG. 3 is a ?owchart illustrating an exemplary method for 
initiating a plurality of connected SDCs 106 coupled to the 
controller 109 in accordance with the teachings of the present 
invention. In step 302, all SDCs 106 disable the power line 
105 or data bus 107 connection to downstream SDCs 106. 
This is done by opening either power switch 208 or data 
switch 210 in each SDC 106. The switches can be opened 
upon a command from the system controller 109 as a default 
upon an initial powering up and/ or a default following a reset 
of the system. 

Next, in step 304, the controller takes a roll-call of the 
SDCs 106. In a typical embodiment a roll call is sent as a 
query to the SDCs 106 to reply to the controller 109. Initially, 
all but one of the SDCs 106 are unable to respond because the 
SDCs 106 either are not powered by power line 105 or are not 
linked over the data bus 107 (or, in one embodiment, neither 
powered over power line 105 nor linked over data bus 107). 
The only SDC 106 that can respond is the ?rst SDC 106 
coupled to the system controller 109. Then, in step 306, the 
?rst SDC 106 that is both powered and in communication 
with the system controller 109 in the chain responds to the roll 
call and the system controller 109 assigns the SDC 106 an 
identi?cation number which is stored in SDC memory 206. 
The identi?cation number can be any symbology, including 
electronic representations thereof, that allows the controller 
109 to uniquely identify the SDC 106. 
Once the ?rst SDC 106 receives an identi?cation number, 

the system controller commands the SDC 106 to enable the 
power line 105 or data bus 107 of the newly initialized SDC 
106 by closing power switch 208 or data switch 210. Then, in 
step 308, the system controller 109 again performs a roll-call. 
Any SDC 106 that has already been assigned an identi?cation 
number does not reply. Of course, any SDC 106 that is not 
currently connected to the power line 105 or data bus 107 can 
not reply. Thus, only one SDC 106 can reply and that is the 
next SDC in line after the SDC 106 that has just been assigned 
an identi?cation number. In step 310, the SDC 106 replies and 
in step 312, is assigned an identi?cation number for storage in 
SDC memory 206. 

Then, in step 314, it is determined if there are any more 
SDCs 106 that have not been assigned an identi?cation num 
ber. If there are more SDCs 106 to be assigned an identi?ca 
tion number, the process repeats steps 308 to 314. After all 
SDCs 106 have been assigned an identi?cation number, the 
method ends at step 316. 

While at least one exemplary embodiment has been pre 
sented in the foregoing detailed description, it should be 
appreciated that a vast number of variations exist. It should 
also be appreciated that the exemplary embodiment or exem 
plary embodiments are only examples, and are not intended to 
limit the scope, applicability, or con?guration of the invention 
in any way. Rather, the foregoing detailed description will 
provide those skilled in the art with a convenient road map for 
implementing the exemplary embodiment or exemplary 
embodiments. It should be understood that various changes 
can be made in the function and arrangement of elements 
without departing from the scope of the invention as set forth 
in the appended claims and the legal equivalents thereof. 

The invention claimed is: 
1. A method for initialiZing a chain of non-initialiZed data 

collectors, the chain of non-initialiZed data collectors coupled 
to a controller, and each data collector in the chain coupled to 
communicate with one or more other data collectors, the 
method comprising: 
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6 
a) disabling comunication between each data collector in 

the chain of non-initialiZed data collectors; 
b) initialiZing a ?rst active non-initialiZed data collector, 

the ?rst active non-initialiZed data collector coupled 
directly to the controller, by assigning an identi?cation 
number to the ?rst active non-initialiZed data collector 
by the controller in response to a ?rst roll-call of the 
controller, the identi?cation number stored in a memory 
of the ?rst active non-initialiZed data collector; 

c) restoring communication between the controller and a 
next non-initialiZed data collector in the chain of non 
initialiZed data collectors; 

d) initialiZing the next non-initialiZed data collector in the 
chain of non-initialiZed data collectors by assigning an 
additional identi?cation number by the controller in 
response to an additional roll-call of the controller, the 
additional identi?cation number stored in a memory of 
the next non-initialiZed data collector; and 

e) repeating steps c and d for each non-initialiZed data 
collector. 

2. The method of claim 1 wherein the step of disabling 
communication further comprises disabling a power line 
between each data collector. 

3. The method of claim 1 wherein the step of disabling 
communication further comprises disabling a data bus 
between each data collector. 

4. The method of claim 1 wherein the step of restoring 
communications further comprises closing a power switch in 
one of the chain of data collectors which initialiZed allows 
power to ?ow to the next adjacent data collector. 

5. The method of claim 1 wherein the step of restoring 
communications further comprises closing a data switch in 
one of the chain of data collectors which initialiZed allows 
data to ?ow to the next adjacent data collector. 

6. A method for operating a structural health monitoring 
system, comprising: 

initialiZing a chain of serially connected data collectors by 
disabling communication between each data collector in 
the chain of data collectors, initialiZing a ?rst data col 
lector by assigning an identi?cation number by a con 
troller in response to a ?rst roll-call of the controller, and 
restoring communication and initialiZing each remain 
ing data collector of the chain of data collectors by the 
controller in response to each of a plurality of additional 
roll-calls of the controller, each remaining data collector 
initialiZed in sequential order until all data collectors are 
initialiZed; 

sending a command to ?re one or more sensors mounted on 

a test material, the sensors coupled to at least one of the 
data collectors; and 

receiving data collected by the one or more sensors. 
7. The method of claim 6 wherein the step of disabling 

communication further comprises disabling a power line 
between each data collector. 

8. The method of claim 6 wherein the step of disabling 
communication further comprises disabling a data bus 
between each data collector. 

9. The method of claim 6 wherein the step of initialiZing 
further comprises storing the identi?cation number in a 
memory. 

10. The method of claim 6 wherein the step of restoring 
communication and initialiZing further comprises closing a 
power switch of an initialiZed data collector to allow power to 
?ow to a next non-initialiZed data collector. 

11. The method of claim 6 wherein the step of restoring 
communication and initialiZing further comprises closing a 
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switch of an initialized data collector to allow data to How to 
a next non-initialized data collector. 

12. A data collection system, comprising: 
a chain of non-initialized data collectors, each data collec 

tor in the chain coupled to communicate With one or 
more other data collectors; and 

a controller coupled to the chain of non-initialiZed data 
collectors, the controller con?gured for: 

a) disabling communication betWeen each data collector in 
the chain of non-initialiZed data collectors, 

b) initialiZing a ?rst active non-initialiZed data collector, 
the ?rst active non-initialiZed data collector coupled 
directly to the controller, by assigning an identi?cation 
number to the ?rst active non-initialiZed data collector 
by the controller in response to a ?rst roll-call of the 
controller, the identi?cation number stored in a memory 
of the ?rst active non-initialized data collector, 

c) restoring communication betWeen the controller and a 
next non-initialized data collector in the chain of non 
initialiZed data collectors 

d) initialiZing the next non-initialized data collector in the 
chain of non-initialized data collectors by assigning an 
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additional identi?cation number by the controller in 
response to an additional roll-call of the controller, the 
additional identi?cation number stored in a memory of 
the next non-initialized data collector, and 

e) repeating steps c and d for each non-initialized data 
collector. 

13. The system of claim 12 Wherein the controller is further 
con?gured for disabling a poWer line betWeen each data col 
lector. 

14. The system of claim 12 Wherein the controller is further 
con?gured for disabling a data bus betWeen each data collec 
tor. 

15. The system of claim 12 Wherein the controller is further 
con?gured for closing a poWer sWitch in one of the chain of 
data collectors Which initialiZed alloWs poWer to How to the 
next adjacent data collector. 

16. The system of claim 12 Wherein the controller is further 
con?gured for closing a data sWitch in one of the chain of data 
collectors Which initialiZed alloWs data to How to the next 
adjacent data collector. 

* * * * * 


